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METHOD OF PERFORMING LINK
ADAPTATION PROCEDURE

This application is a Continuation of co-pending U.S.
patent application Ser. No. 14/643,922 filed Mar. 10, 2015
(now U.S. Pat. No. 9,191,174 issued on Nov. 17, 2015),
which is a continuation of U.S. patent application Ser. No.
14/109,713 filed Dec. 17, 2013 (now U.S. Pat. No. 9,019,
862 issued on Apr. 28, 2015), which is a continuation of U.S.
patent application Ser. No. 13/320,722 filed Nov. 15, 2011
(now U.S. Pat. No. 8,634,395 issued on Jan. 21, 2014),
which is the national phase of PCT International Application
No. PCT/KR2009/006776 filed Nov. 18, 2009, which claims
priority under 35 U.S.C. §119(e) to U.S. Provisional Appli-
cation No. 61/219,386 filed Jun. 23, 2009, and under 35
U.S.C. §119(a) claims priority to Korean Application No.
10-2009-0082774 filed Sep. 3, 2009. The contents of all of
these applications are hereby incorporated by reference as
fully set forth herein in their entirety. This application is also
related to U.S. patent application Ser. No. 14/109,646 filed
Dec. 17, 2013 (now U.S. Pat. No. 8,948,152 issued on Feb.
3,2015), which is a continuation of U.S. application Ser. No.
13/320,722.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a wireless local area
network (WLAN), and more particularly, to a method of
allocating a radio resource in a very high throughput (VHT)
WLAN system.

2. Discussion of the Related Art

With the advancement of information communication
technologies, various wireless communication technologies
have recently been developed. Among the wireless commu-
nication technologies, a wireless local area network
(WLAN) is a technology whereby Internet access is possible
in a wireless fashion in homes or businesses or in a region
providing a specific service by using a portable terminal
such as a personal digital assistant (PDA), a laptop com-
puter, a portable multimedia player (PMP), etc.

Ever since the institute of electrical and electronics engi-
neers (IEEE) 802, i.e., a standardization organization for
WLAN technologies, was established in February 1980,
many standardization works have been conducted.

In the initial WLAN technology, a frequency of 2.4 GHz
was used according to the IEEE 802.11 to support a data rate
of 1 to 2 Mbps by using frequency hopping, spread spec-
trum, infrared communication, etc. Recently, the WLAN
technology can support a data rate of up to 54 Mbps by using
orthogonal frequency division multiplex (OFDM). In addi-
tion, the IEEE 802.11 is developing or commercializing
standards of various technologies such as quality of service
(QoS) improvement, access point (AP) protocol compatibil-
ity, security enhancement, radio resource measurement,
wireless access in vehicular environments, fast roaming,
mesh networks, inter-working with external networks, wire-
less network management, etc.

In the IEEE 802.11, the IEEE 802.11b supports a data rate
of'up to 11 Mbps by using a frequency band of 2.4 GHz. The
IEEE 802.11a commercialized after the IEEE 802.11b uses
a frequency band of 5 GHz instead of the frequency band of
2.4 GHz and thus significantly reduces influence of inter-
ference in comparison with the very congested frequency
band of 2.4 GHz. In addition, the IEEE 802.11a has
improved the data rate to up to 54 Mbps by using the OFDM
technology. Disadvantageously, however, the IEEE 802.11a
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has a shorter communication distance than the IEEE
802.11b. Similarly to the IEEE 802.11b, the IEEE 802.11g
implements the data rate of up to 54 Mbps by using the
frequency band of 2.4 GHz. Due to its backward compat-
ibility, the IEEE 802.11g is drawing attention, and is advan-
tageous over the IEEE 802.11a in terms of the communica-
tion distance.

The IEEE 802.11n is a technical standard relatively
recently introduced to overcome a limited data rate which
has been considered as a drawback in the WLAN. The IEEE
802.11n is devised to increase network speed and reliability
and to extend an operational distance of a wireless network.

More specifically, the IEEE 802.11n supports a high
throughput (HT), i.e., a data processing speed of up to 540
Mbps at a frequency band of 5 GHz, and is based on a
multiple input and multiple output (MIMO) technique which
uses multiple antennas in both a transmitter and a receiver to
minimize a transmission error and to optimize a data rate.

In addition, this standard may use a coding scheme which
transmits several duplicated copies to increase data reliabil-
ity and also may use the OFDM to support a higher data rate.

With the widespread use of the WLAN and the diversi-
fication of applications using the WL AN, there is a recent
demand for a new WLAN system to support a higher
throughput than a data processing speed supported by the
IEEE 802.11n. A very high throughput (VHT) WLAN
system is one of IEEE 802.11 WL AN systems which have
recently been proposed to support a data processing speed of
1 Gbps or more. The VHT WLAN system is named arbi-
trarily. To provide a throughput of 1 Gbps or more, a
feasibility test is currently being conducted for the VHT
system which uses MIMO and a channel bandwidth of 80
MHz or more and which also uses a spatial division multiple
access (SDMA) scheme as a channel access scheme.

The conventional channel access mechanism used in the
IEEE 802.11n WLAN system or other WLAN systems
cannot be directly used as a channel access mechanism of a
WLAN system for providing a throughput of 1 Gbps or more
(hereinafter, such a WLAN system is referred to as a VHT
WLAN system). This is because a channel bandwidth used
by the VHT WLAN system is at least 80 MHz since the
conventional WLAN system operates under the premise of
using a channel bandwidth of 20 MHz or 40 MHz which is
too narrow to achieve the throughput of 1 Gbps or more in
a service access point (SAP).

Therefore, in order for a VHT basic service set (BSS) to
satisfy a total throughput of 1 Gbps or more, several VHT
STAs need to simultaneously use a channel in an effective
manner. A VHT AP uses SDMA to allow the several VHT
STAs to simultaneously use the channel in an effective
manner. That is, the several VHT STAs are allowed to
simultaneously transmit and receive data to and from the
VHT AP.

A modulation and coding scheme (MCS) feedback
method is one of methods for more effectively supporting
link adaptation in such an IEEE 802.11n MIMO environ-
ment. A link adaptation procedure uses a specific MCS with
given link quality to increase a data throughput by using a
highest transfer rate. However, since the conventional MCS
feedback method is achieved under the premise that one-to-
one communication is achieved between a station and an AP,
the conventional method needs to be compensated when it
applies to a multi-user MIMO environment.

SUMMARY OF THE INVENTION

In a link adaptation protocol, a modulation and coding
scheme (MCS) feedback procedure is limited to be used
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only for a point-to-point transmission scenario. Therefore,
there is a problem in that an environment such as a multi-
user multiple input multiple output (MIMO) environment
cannot sufficiently consider other factors which may occur
in point-to-multi point transmission.

A link adaptation scheme suitable for the multi-user
environment is provided according to embodiments of the
present invention. Influence caused by other users can be
taken into consideration when several users simultaneously
perform data transmission or reception. In this case, an
actual communication environment can be taken into con-
sideration to perform link adaptation with more accurate
information.

In an aspect of the present invention, a method of per-
forming a link adaptation procedure for multi-user transmis-
sion in a wireless local area network (WLAN) system
includes receiving a modulation and coding scheme (MCS)
feedback request transmitted by an access point (AP) to a
plurality of stations, estimating an MCS by considering a
spatial stream corresponding to the MCS feedback request
transmitted to the other stations, and transmitting an MCS
feedback response comprising the estimated MCS to the AP.

The MCS feedback request may be transmitted by being
included in a sounding physical layer convergence proce-
dure (PLCP) protocol data unit (PPDU) steered in accor-
dance with a pre-coding vector corresponding to each station
receiving the MCS feedback request.

The MCS feedback request may comprise an MCS feed-
back order for designating an order of each MCS feedback
response corresponding to the MCS feedback request, and
the MCS feedback response may be transmitted at a time
point depending on the MCS feedback order.

The MCS feedback request may be received together with
a null data packet (NDP) announcement, and the method
may further comprise receiving an NDP frame from the AP
immediately after receiving the NDP announcement and the
MCS feedback request.

The MCS may be estimated by using the NDP frame.

Influence caused by other users can be taken into consid-
eration when several users simultaneously perform data
transmission or reception. Further, an actual communication
environment can be taken into consideration to perform link
adaptation with more accurate information.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view showing an exemplary struc-
ture of a very high throughput (VHT) wireless local area
network (WLAN) system according to an embodiment of
the present invention.

FIG. 2 is a flowchart showing an example of a link
adaptation scheme according to the prior art.

FIG. 3 shows a problem of a link adaptation scheme
according to the prior art.

FIG. 4 is a flowchart showing an example of a method of
performing a link adaptation procedure according to an
embodiment of the present invention.

FIG. 5 shows a link adaptation procedure according to
another embodiment of the present invention.

FIG. 6 shows a link adaptation procedure according to
another embodiment of the present invention.

FIG. 7 shows a link adaptation procedure according to
another embodiment of the present invention.

FIG. 8 is a block diagram of a wireless communication
apparatus for performing a link adaptation procedure
according to an embodiment of the present invention.
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4
DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 is a schematic view showing an exemplary struc-
ture of a very high throughput (VHT) wireless local area
network (WLAN) system according to an embodiment of
the present invention.

Referring to FIG. 1, a WLAN system such as the VHT
WLAN system includes one or more basis service sets
(BSSs). The BSS is a set of stations (STAs) which are
successfully synchronized to communicate with one
another, and is not a concept indicating a specific region. As
in the WLAN system to which the embodiment of the
present invention is applicable, a BSS that supports a super
high-speed data processing of 1 GHz or more is referred to
as a VHT BSS.

The VHT BSS can be classified into an infrastructure BSS
and an independent BSS (IBSS). The infrastructure BSS is
shown in FIG. 1.

Infrastructure BSSs (i.e., BSS1 and BSS2) include one or
more non-access point (AP) STAs (i.e., Non-AP STAIl,
Non-AP STA3, and Non-AP STA4), AP STAs (i.e., AP STA1
and AP STA2) which are STAs providing a distribution
service, and a distribution system (DS) connecting the
plurality of AP STAs (i.e., AP STA1 and AP STA2). In the
infrastructure BSS, an AP STA manages non-AP STAs of the
BSS.

On the other hand, the IBSS is a BSS operating in an
ad-hoc mode. Since the IBSS does not include the VHT
STA, a centralized management entity for performing a
management function in a centralized manner does not exist.
That is, the IBSS manages the non-AP STAs in a distributed
manner. In addition, in the IBSS, all STAs may consist of
mobile STAs, and a self-contained network is configured
since connection to the DS is not allowed.

The STA is an arbitrary functional medium including a
medium access control (MAC) and wireless-medium physi-
cal layer (PHY) interface conforming to the institute of
electrical and electronics engineers (IEEE) 802.11 standard,
and includes both an AP and a non-AP STA in a broad sense.
A VHT STA is defined as an STA that supports the super
high-speed data processing of 1 GHz or more in the multi-
channel environment to be described below. In the VHT
WLAN system to which the embodiment of the present
invention is applicable, STAs included in the BSS may be all
VHT STAs, or a VHT STA and a legacy STA (i.e., IEEE
802.11n-based HT STA) may coexist.

The STA for wireless communication includes a processor
and a transceiver, and also includes a user interface, a
display means, etc. The processor is a functional unit
devised to generate a frame to be transmitted through a
wireless network or to process a frame received through the
wireless network, and performs various functions to control
STAs. The transceiver is functionally connected to the
processor and is a functional unit devised to transmit and
receive a frame for the STAs through the wireless network.

Among the STAs, non-AP STAs (i.e., STA1, STA3,
STA4, and STAS) are portable terminals operated by users.
A non-AP STA may be simply referred to as an STA. The
non-AP STA may also be referred to as a terminal, a wireless
transmit/receive unit (WTRU), a user equipment (UE), a
mobile station (MS), a mobile terminal, a mobile subscriber
unit, etc. A non-AP VHT-STA (or simply VHT STA) is
defined as a non-AP STA that supports the super high-speed
data processing of 1 GHz or more in the multi-channel
environment to be described below.
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The AP (i.e., AP1 and AP2) is a functional entity for
providing connection to the DS through a wireless medium
for an associated STA. Although communication between
non-AP STAs in an infrastructure BSS including the AP is
performed via the AP in principle, the non-AP STAs can
perform direct communication when a direct link is set up.
In addition to the terminology of an access point, the AP may
also be referred to as a centralized controller, a base station
(BS), a node-B, a base transceiver system (BTS), a site
controller, etc. A VHT AP is defined as an AP that supports
the super high-speed data processing of 1 GHz or more in
the multi-channel environment to be described below.

A plurality of infrastructure BSSs can be interconnected
by the use of the DS. An extended service set (ESS) is a
plurality of BSSs connected by the use of the DS. STAs
included in the ESS can communicate with one another. In
the same ESS, a non-AP STA can move from one BSS to
another BSS while performing seamless communication.

The DS is a mechanism whereby one AP communicates
with another AP. By using the DS, an AP may transmit a
frame for STAs associated with a BSS managed by the AP,
or transmit a frame when any one of the STAs moves to
another BSS, or transmit a frame to an external network such
as a wired network. The DS is not necessarily a network, and
has no limitation in its format as long as a specific distri-
bution service specified in the IEEE 802.11 can be provided.
For example, the DS may be a wireless network such as a
mesh network, or may be a physical construction for inter-
connecting APs.

FIG. 2 is a flowchart showing an example of a link
adaptation scheme according to the prior art. The link
adaptation scheme of FIG. 2 is for single-user MIMO.

The link adaptation scheme is performed by exchanging
modulation and coding scheme (MCS) information between
an MCS feedback requester and its counterpart terminal.
Herein, an AP corresponds to the MCS feedback requester,
and an MCS feedback responder is a user terminal, which is
referred in the present invention as a station (STA).

To receive an MCS feedback from the STA, the AP
transmits an MCS feedback request (MRQ) to the STA (step
S210). The MRQ can be transmitted using a link adaptation
control subfield of a high throughput control (HTC) field
conforming to the IEEE 802.11n standard. In addition, in
order to allow an STA receiving the MRQ to perform MCS
calculation, the AP can transmit the MRQ by using a
sounding physical layer convergence procedure (PLCP)
protocol data unit (PPDU).

The STA estimates an MCS value (step S220). Further, in
response to the MRQ, an MCS feedback response is trans-
mitted, and the estimated MCS value is transmitted to the AP
(step S230). The estimated MCS value can also be trans-
mitted to the AP by using the link adaptation control subfield
of the HTC field.

FIG. 3 shows a problem of a link adaptation scheme
according to the prior art.

An AP performs downlink transmission simultaneously to
several STAs in multi-user MIMO. Alternatively, a plurality
of STAs perform uplink transmission to the AP.

Referring to FIG. 3, an STA 1 and an STA 2 can perform
uplink transmission and downlink transmission, and the two
STAs can simultaneously perform uplink transmission or
downlink transmission. It is assumed that the AP has two or
more antennas, and each STA has one antenna.

Ifthe STA1 and the STA 2 simultaneously perform uplink
transmission (steps 310 and 330), uplink transmission (step
310) of the STA 1 may act as interference to uplink trans-
mission (step 330) of the STA 2, and likewise, uplink
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6

transmission (step 330) of the STA 2 may act as interference
to uplink transmission (step 310) of the STA 1.

The same also apply to a downlink scenario. That is, when
the AP performs downlink transmission simultaneously to
the STA 1 and the STA 2 (steps 320 and 340), downlink
transmission (step 320) to the STA 1 may act as interference
to downlink transmission (step 340) of the STA 2, and
likewise, downlink transmission (step 340) to the STA 2 may
act as interference to downlink transmission (step 320) of
the STA 1.

Therefore, for a link adaptation protocol in multi-user
MIMO, interference generated by a spatial stream to be
transmitted to another STA needs to be taken into consid-
eration when performing MCS estimation.

That is, when the AP performs downlink transmission
simultaneously to the STAs, each STA is interfered by a
spatial stream to be transmitted toward another STA. Even
if the AP performs simultaneous transmission by selecting
STAs having a low channel correlation, constraint or can-
cellation of interference cannot be guaranteed.

FIG. 4 is a flowchart showing an example of a method of
performing a link adaptation procedure according to an
embodiment of the present invention.

A link adaptation protocol in multi-user MIMO is pro-
posed in the embodiment of the present invention. Although
a downlink transmission scenario is described in this
embodiment described with reference to FIG. 4, a link
adaptation protocol according to the embodiment of the
present invention may also equally apply to uplink trans-
mission.

For example, when downlink transmission is performed
simultaneously to a plurality of STAs, interference between
STAs can be minimized in such a manner that an AP
transmits streams by selecting and grouping STAs having a
low channel correlation if downlink transmissions are simul-
taneously performed, thereby facilitating interference reduc-
tion. However, as described above, an MCS value estimated
in single-user MIMO is problematic in a sense that inter-
ference generated by a spatial stream to be transmitted
toward other terminals cannot be properly considered in a
multi-user MIMO environment. In addition, when using
only a method of transmitting data by classifying the STAs
according to a channel correlation, interference cannot be
effectively reduced or considered in the link adaptation
procedure, and an MCS cannot be accurately recognized.

In order to allow accurate MCS estimation when an STA
estimates an MCS and feeds back the MCS to an AP, the AP
can transmit an MCS feedback request (MRQ) simultane-
ously to STAs for performing downlink transmission by
using a sounding PPDU. More specifically, the AP transmits
the MRQ to an STA 1 and an STA 2 by using a sounding
PPDU (steps S410 and S420). In doing so, the respective
STAs can more effectively estimate an MCS at that moment
on a real time basis by considering an interference level
caused by spatial streams to be transmitted toward other
STAs.

In FIG. 4, an example of downlink multi-user MIMO is
shown. A link adaptation scheme of the present invention
can also equally apply to uplink multi-user MIMO.

The STAs (i.e., STA 1 and STA 2) receiving the MRQ
from the AP estimate an MCS by considering mutual inter-
ference. That is, the STA 1 estimates an MCS value of the
STA1 by considering a spatial stream transmitted to the STA
2, and the STA 2 estimates an MCS value of the STA 2 by
considering a spatial stream transmitted to the STA 1.

Further, the STA 1 and the STA 2 transmit an MCS
feedback response to the AP, and the MCS feedback
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response includes information on the MCS values estimated
respectively by the STA 1 and the STA 2 (steps S450 and
S460). By using the MCS values estimated by this process
in consideration of a communication environment such as
currently generated interference, a link throughput can be
more increased by performing a link adaptation scheme
suitable for a multi-user environment.

FIG. 5 shows a link adaptation procedure according to
another embodiment of the present invention. Similarly to
FIG. 4, uplink transmission is achieved in the embodiment
of FIG. 5. However, it is obvious that a link adaptation
method according the embodiment of the present invention
can also equally apply to uplink transmission.

The embodiment of FIG. 5 is similar to an actual wireless
communication environment in a sense that STAs of a more
number of users participate in transmission, and in particu-
lar, is different from the embodiment of FIG. 4 in a sense that
an order is assigned to an MCS feedback.

In this case, an AP is an MCS feedback requester. STAs
(i.e., STA 1, STA 2, STA 3, and STA 4) feedback an MCS
to the AP, and the AP intends to perform downlink multi-user
transmission to the STA 1, the STA 2, the STA 3, and the
STA 4.

The AP transmits an MCS feedback request (MRQ)
simultaneously to the STA 1, the STA 2, the STA 3, and the
STA 4 (step S510). In this case, the MRQ is transmitted
using a sounding PPDU, and is transmitted by being steered
in accordance with a pre-coding vector configured for each
receiving terminal.

Each of the STAs (i.e., STA1, STA 2, STA 3, and STA 4)
estimates an MCS by using the received sounding PPDU. In
particular, since the AP has transmitted the sounding PPDU
simultaneously to the STA 1, the STA 2, the STA 3, and the
STA 4, each STA can performs MCS estimation by consid-
ering interference generated by a spatial stream correspond-
ing to the sounding PPDU transmitted to another STA.

An MCS feedback sequence identifier may be included in
the MRQ transmitted by the AP to the STAs. However, when
the AP transmits the MRQ simultaneously to the respective
STAs, the MCS feedback sequence identifier is set to the
same value. This implies that an MCS feedback to be
responded by the STAs corresponds to the same MCS
feedback request.

In this case, the MCS feedback requester sets the same
MCS feedback sequence identifier to STAs for performing
multi-user transmission so as to effectively manage MCS
feedback reports and so as to decrease waste of identifier
space for the MCS feedback sequence identifier. The MCS
feedback sequence identifier may be included in a link
adaptation control subfield.

If the MRQ has the same MCS feedback sequence iden-
tifier, an MCS feedback sequence identifier of an MCS
feedback transmitted by each STA also has the same value.
Therefore, when an AP (i.e., an MCS feedback requester)
receives a plurality of MCS feedbacks having the same MCS
feedback sequence identifier, it can be seen that these values
are MCS values estimated by the respective STAs corre-
sponding to multi-user transmissions simultaneously per-
formed.

The MRQ may include an MCS feedback order. The
MRQ can assign transmission orders of MCS feedbacks
transmitted by a plurality of STAs (i.e., STA 1, STA 2, STA
3, and STA 4) to an AP. Therefore, the STA 1, the STA 2, the
STA 3, and the STA 4 transmit MCS feedback responses
sequentially according to the MCS feedback orders included
in the received MRQs (step S520, S530, S540, and S550). In
the embodiment described with reference to FIG. 5, it is
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assumed that the MCS feedback orders are set such that the
MCS feedback responses are transmitted according to the
orders of the STA 1, the STA 2, the STA 3, and the STA 4.
By setting the MCS feedback orders, the MCS feedbacks
can be prevented from collision.

In a case where the AP transmits the MRQ while intend-
ing to receive an MCS feedback response for that request at
a specific time later, the AP may set a delayed time and
broadcast the MRQ after the delayed time by using a frame
different from that used for sounding PPDU transmission. In
this case, the MRQ may include information regarding an
order according to which a corresponding MCS feedback is
transmitted.

In addition, the MCS feedback sequence identifier and the
MCS feedback order included in the MRQ may also equally
apply to other embodiments of the present invention.

FIG. 6 shows a link adaptation procedure according to
another embodiment of the present invention.

A link adaptation protocol shown in FIG. 6 uses a null
data packet (NDP) in multi-user MIMO.

Among MAC data types conforming to the IEEE 802.11
standard, a null data frame implies that only a MAC header
exists whereas a MAC service data unit (MSDU) does not
exist. On the other hand, the NDP implies that only a PHY
header exists whereas a physical layer convergence proce-
dure (PLCP) service data unit (PSDU) does not exist as well
as actual data.

Since the NDP does not have a MAC header, there is no
field indicating a source address, a destination address, etc.
Therefore, to transmit the NDP, a non-NDP PPDU must be
transmitted prior to transmission of the NDP. The NDP is
transmitted immediately after the non-NDP PPDU is trans-
mitted. The non-NDP PPDU implies a normal PPDU other
than the NDP. An NDP announcement must be set in the
NDP PPDU so as to announce to a receiving side that the
NDP will be transmitted soon.

In the 802.11n standard, the NDP is announced by setting
a bit corresponding to an NDP announcement of an HTC
field to 1. A source address and a destination address of a
non-NDP PPDU that is an NDP announcement frame are a
source address and a destination address of an NDP. The
NDP is a sounding PPDU, and the receiving side that
receives the NDP performs channel estimation by using the
NDP.

Also in this case, an AP is an MCS feedback requester and
intends to perform downlink multi-user transmission to an
STA 1, an STA 2, an STA 3, and an STA 4. As described
above, the link adaptation procedure according to the
embodiment of the present invention can also apply not only
to downlink transmission but also to uplink transmission.

The AP transmits an MCS feedback request (MRQ)
simultaneously to the STA 1, the STA 2, the STA 3, and the
STA 4, and sets an NDP announcement in a PPDU including
the MRQ (step S610). Subsequent to transmission of the
MRQ, NDP frames are respectively transmitted to the STA
1, the STA 2, the STA 3, and the STA 4 (step S620). In this
case, the NDP frames are transmitted by being steered in
accordance with a pre-coding vector configured for each
STA.

The STA 1, the STA 2, the STA 3, and the STA 4 may
estimate an MCS by using the received NDP frames, and
may transmit an MCS feedback response to the AP in
response to the previously received MRQ (steps S630, S640,
S650, and S660). Of course, the MCS feedback response
includes an estimated MCS value. In addition, since the AP
transmits an NDP frame simultaneously to the STA 1, the
STA 2, the STA 3, and the STA 4, each STA can perform
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MCS estimation by considering interference caused by a
spatial stream corresponding to the NDP frame to be trans-
mitted to another STA.

FIG. 7 shows a link adaptation procedure according to
another embodiment of the present invention.

According to the embodiment of FIG. 7, a link training
procedure and a link adaptation procedure are simultane-
ously performed.

In case of the link training, an AP transmits a training
request message (TRM) to STAs (i.e., STA 1, STA 2, STA
3, and STA 4) (step S710). The TRM is transmitted simul-
taneously to the respective STAs by being included in a
sounding PPDU steered in accordance with a pre-coding
vector configured for each STA. An MCS feedback request
(MRQ) is included also in the sounding PPDU transmitted
by the AP to the STAs.

Upon receiving the TRM and the steered sounding PPDU
including the MRQ, the STAs (i.e., STA 1, STA 2, STA 3,
and STA 4) transmits an unsteered sounding PPDU to an AP
STA so that the AP can perform channel estimation (steps
S720, S730, S740, and S750). It is assumed herein that an
uplink channel and a downlink channel have mutually
reversible characteristics. Therefore, the present embodi-
ment can also apply to both uplink transmission and down-
link transmission.

That is, when the link training and the link adaptation are
performed simultaneously, the AP transmits the TRM by
using the sounding PPDU, and at the same time, transmits
the MRQ. In this case, the sounding PPDU is a steered
PPDU to be transmitted toward each STA. Further, upon
receiving the sounding PPDU transmitted from the AP, the
STAs estimate an MCS by further considering spatial steams
corresponding to sounding PPDUs transmitted from other
STAs, and thereafter respond to the AP by transmitting an
MCS feedback.

In this case, for the link training requested by the AP by
using the TRM, the STAs (i.e., STA 1, STA 2, STA 3, and
STA 4) transmit MCS feedbacks also by using the sounding
PPDU. The sounding PPDU transmitted by the STA 1, the
STA 2, the STA 3, and the STA 4 is for channel estimation
of the AP, and is transmitted in a state of an unsteered PPDU.

The AP performs channel estimation by using the sound-
ing PPDU transmitted by the STA 1, the STA 2, the STA 3,
and the STA 4. If there is a change in a channel state between
the AP and any one of the STA 1, the STA 2, the STA 3, and
the STA 4, the AP uses the changed channel state to correct
an MCS value responded by a corresponding STA. Other-
wise, if there is no change in the channel state between the
AP and any one of the STA 1, the STA 2, the STA 3, and the
STA 4, the AP uses the MCS value responded by the STA 1,
the STA 2, the STA 3, and the STA 4 to perform uplink or
downlink multi-user transmission.

FIG. 8 is a block diagram of a wireless communication
apparatus for performing a link adaptation procedure
according to an embodiment of the present invention. The
aforementioned STAs may be an example of the wireless
communication apparatus of FIG. 8.

The wireless communication apparatus includes a proces-
sor 810 and a radio frequency (RF) unit 820. A memory 830
is coupled to the processor 810 and stores a variety of
information to drive the processor 810. The memory 830
may include a read-only memory (ROM), a random access
memory (RAM), a flash memory, a memory card, a storage
medium, and/or other equivalent storage devices. In addition
thereto, the wireless communication apparatus may further
include a display unit or a user interface. Since this is
apparent to those ordinary skilled in the art, the display unit
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or the user interface is not depicted in FIG. 8, and detailed
descriptions thereof will be omitted.

The wireless communication apparatus described with
reference to FIG. 8 can perform the link adaptation proce-
dure or the method of performing the link adaptation pro-
cedure according to the embodiments of the present inven-
tion described above with reference to FIG. 1 to FIG. 7.

The processor 810 may include an application-specific
integrated circuit (ASIC), a separate chipset, a logic circuit,
and/or a data processing unit. The processor 810 generates
a control signal or data to be transmitted to another STA or
AP. The processor 810 estimates an MCS value upon
receiving an MCS feedback request from an AP via the RF
unit 820.

The processor 810 also considers interference caused by
a spatial stream corresponding to an MCS feedback request
transmitted to another terminal in the process of MCS
estimation. Therefore, the MCS can be more accurately
estimated by considering a communication environment on
a real time basis. Further, the processor 810 generates an
MCS feedback response including the estimated MCS.

The RF unit 820 is coupled to the processor 810. The RF
unit 820 transmits a radio signal generated by the processor
810, and receives a radio signal transmitted by another
wireless communication apparatus. The RF unit 820 may
include a baseband circuit for processing the radio signal.
Signals can be transmitted in a broadcast or unicast manner.
According to the embodiment of the present invention, the
RF unit 820 can receive an MCS feedback request and/or a
training request message from the AP, and can transmit an
MCS feedback response generated by the processor 810 to
the AP.

All functions described above may be performed by a
processor such as a microprocessor, a controller, a micro-
controller, an application specific integrated circuit (ASIC),
or a processor of a terminal (e.g., the wireless communica-
tion apparatus illustrated in FIG. 8) according to software or
program code for performing the functions. The program
code may be designed, developed, and implemented on the
basis of the descriptions of the present invention, and this is
well known to those skilled in the art.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood by those skilled in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the invention
as defined by the appended claims. The exemplary embodi-
ments should be considered in descriptive sense only and not
for purposes of limitation. Therefore, the scope of the
invention is defined not by the detailed description of the
invention but by the appended claims, and all differences
within the scope will be construed as being included in the
present invention.

What is claimed is:

1. A method of performing link adaptation in a wireless
local area network system by a mobile station, the method
comprising:

receiving, by the mobile station, a first physical layer

protocol data unit (PPDU) transmitted by an access
point (AP) via multi-user multiple input/multiple out-
put (MU MIMO) transmission to a plurality of mobile
stations, the first PPDU including a first feedback
sequence identifier that includes a value identifying the
plurality of mobile stations,

when the mobile station is one of the plurality of mobile

stations identified by the value included by the first
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feedback sequence identifier, estimating a modulation
and coding scheme (MCS) based on the first PPDU;
and
transmitting, by the mobile station, a second PPDU to the
AP,

wherein the second PPDU includes channel information
about the estimated MCS and a second feedback
sequence identifier, the second feedback sequence
identifier including the value included by the first
feedback sequence identifier.

2. The method of claim 1, wherein the first PPDU further
includes an MCS feedback request transmitted by the AP to
the plurality of mobile stations.

3. The method of claim 1, wherein the first PPDU includes
a feedback order that indicates a first mobile station of the
plurality of mobile stations to send a response for the first
PPDU.

4. A device comprising:

a radio frequency unit configured to receive and transmit

radio signals; and

a processor operatively coupled with the radio frequency

unit and configured to:

instruct the radio frequency unit to receive a first physical

layer protocol data unit (PPDU) transmitted by an
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access point (AP) via multi-user multiple input/mul-
tiple output (MU MIMO) transmission to a plurality of
mobile stations, the first PPDU including a first feed-
back sequence identifier that includes a value identify-
ing the plurality of stations,

estimate a modulation and coding scheme (MCS) based

on the first PPDU when the device is one of the
plurality of stations identified by the value included by
the first feedback sequence identifier, and
instruct the radio frequency unit to transmit a second
PPDU to the AP,

wherein the second PPDU includes channel information
about the estimated MCS and a second feedback
sequence identifier, the second feedback sequence
identifier including the value included by the first
feedback sequence identifier.

5. The device of claim 4, wherein the first PPDU further
includes an MCS feedback request transmitted by the AP to
the plurality of mobile stations.

6. The device of claim 4, wherein the first PPDU includes
a feedback order that indicates a first mobile station of the
plurality of mobile stations to send a response for the first
PPDU.



